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THE GERMAN INVESTIGATION OE THE ACCIDENT 
AT MEOPHAM (ENGLA2TD)* 
By Hermann Blenk, Heinrich Hertel and Karl Thalau 



I. THE ACCIDENT 



The commercial airplane G-AAZK (type Junkers P 13 ge) 
fell to the ground at Meopham, England, on July 21, 1930. 
The four passengers and the two pilots were killed. Eye 
witnesses to the accident could only report that the air- 
plane was seen entering a cloud, followed almost immedi- 
ately by a loud noise and the falling of the fragments to 
the ground. 

The official English accident report (reference l) , , 
published in January, 1931, gives a detailed description 
of the airplane and its previous history, along with the 
pilot's history, as well as the evidence of witnesses on 
the ground. 

The airplane was huilt at the Junkers Works, Dessau, 
early in 1930, and equipped with a Junkers 1 5 engine. 
The German certificate of airworthiness was dated May 28, 
1930. It was, therefore, a new airplane and its total 
time in the air up to and including the day of the acci- 
dent, amounted to 101^ hours. The airplane was owned hy 
the Walcot Air Lines, Ltd. 

At the time of the accident the plane was piloted hy 
a young pilot, C. D, Shearing, who in 1928 had met with a 
serious airplane accident in the United States, and was 
not granted a Glass B license in England until Eehruary, 
1930. In this particular airplane 'he, had flown six times 
as second pilot, twice as first pilot, and twice as the 
sole pilot In charge, giving a total of fifteen hours in 
the air with this airplane. 



***"Die deutsche Untersuchung des Unfalls hei Meopham (Eng- 
land). Zeitschrift fur Flugtechnik und Motorluf t schif- 
fahrt, Eeb. 15, 1932, pp • 73-86. 
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Colonel Li , CHehaersott the second 

pilot's seat during the accident , was a pilot of. verjr^ con- 
siderahle skill and war-time experience. 

The weather conditions were particularly had at the 
time of the crash, -lii^i'edi^oIogi'.G^^ hold that up- 

currents at the time and place of the accident, as strong 
as 10- m/^"**H(36'-'f*./^^c4i) ^^tb con«.i|.^]Pe(?.. pp ssi.!^!^^^^ 
lot who passed very near at the same time, stated that 
the humps were the worst he had ever encountered. The 
country atout Meopham isKfiill^r.SHThp:: airplane flew at 
about 300 m (1,000 ft.). 

The' wreckage was scattier ed'^ treV:. aj. cpns.id di s- 

tance <tip to 2 km (l|-- mti;") ) .:The^^^^ poin-ts ..of - fracture 

may he* seen in Figure 1.; o'.v:' ^ac: ■■■ 

' ir/- ENGLISH VEST I GATI 01^^ • 

• * ; . -^he- 'inve'sti-^atidn ^f the: acci.dent: hy.. the. Accident In- 
vest i gat ion Suhcb'miai'tt ee' was c.o»ducted:4:.n ^^^^ 
f ashion, ' covering 92--pTinted pages, wi th. ■many, ph^^^ 
and di agrams . (S^e ref erence .1 • ) Be side s . tlia prin:cip:al 
investigation on tail "huffeting," it included -v^^^ 
others, such as dropping tests with small models (scale 
1 : 50) shaped 'to re semhle. -certain . fragment s.:(wl^^ tail , 
etc.) , in- order "-to^ ^det ermine- the :paths of such -f ragme^n.t s. 

The Engli sh ' repott arrives .at the conclusion that the 
accident was prohahly" due to :tail fracture -from, huffeting 
as primary cause, arid that all: other f racture s . were in- 
duced hy the former. This conclusion. i s hased upon the . 
experiences gained in England (hut hiplanes only) that in 
a break-up in. the air the -tail either "breaks first or else 
falls to ground undamaged (after .a wing . fracture) , and on 
model test's in the Wind tunnel.-.' As. a result of this and 
the aspect of the "bre^k, it. was ■ concluded that the hori-» 
zontal tai'i unit broke firsts . It ; was assumed that a strong 
gust in -3iorkal cruising flight suddenly produced a tlgh 
incidence ' oh the wing. In • thi s.^ flight , attitude . j(iarge an- 
gle of attack, cruising speed), .buff e.t.ing;.sets. in .on. the. 

tail planar-- .From.. tha r.eaulls of ..m it is de- 

' duced that : the:- .ajiiplltude .pf the se. ,hitf,f e W 
coul d. -be 'CO-me :s 0; l-a^-gQ .as ..-tc-: -.br .eak t he . nbrizp^^^ t ai.l 
group at speeds within the- .normal, fl^^^^^ *the:'air-- 
plane • ' ' . 
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"Buf:fetl?ig" is expiaiAed as an irregular, mote' o^* ' ' 
less violeitt osciiiation of VHe* tail unit, in which the 
stahilizer hands rapidly up and down and the elevators 
move in an erratic manne.r; it is said to be caused by the 
eddies giveh/pf^^^^ at. large angles of attack. 

It is quite*' di s"t in ct from "flutter." Flutter, which more 
frequently- is W the wings, is induced by 

* the aero dynaMc coup'i^^ of two or more degrees of free- 
dom which, under, certain conditions, affords .an energy 
removal, from the uniform air :;st^^^^ and thus is apt to 
Initiate f orced, vibrait ions"; . ' ' " . 

A number of . other theories of the abcidont. (propel-, 
ier fracture, miaterial. defect ^ etc«) are briefly dis- 
cussed in thi s same report , but di scarded as impossible or 
very improbable* . The important bther explanation 

adduced*, is: ' That due to a too rapid puli-v.p f rom a dive 
out of the cloud, or . through' a. violent gus.t " (by. high; flying 
speed) the wing broke f irsti; ifhis is. in accordance with 
an' analysis: made, by ^ t^ inspector of accidents which, hpw- 
^ '^yieir, as stat.ed bief ore, cover's . biplanes, only. *• 

■ 'III -^'TfiE SERto-ACCIDEKT IITVESTIGATIOIT 
.1. Problem and Kinds of Tests. 

The findings of the English investigation made it in- 
cumbent to institute experiments on tail buffeting, its 
cause, intensity and gravity o. Thus, the minister of trans- 
portation authorized the D.V.L, to proceed with these 
tests, which were made by the static test branch (K« Tha- 
lau, chief), in . collaboration with the flight test section 
(J, V. ' Koppen, chief), and the aerodynamic section (Dr. 
Seewald, chief ) 0. The program included experimental^ flights, 
model tests and tensile strength tests. incidentally, the 



♦Against this ihtefpret'atibn of the'Meopham accident it is 
.-contended ..that : When-, . as in mo st pases , part _of '^a wing of 
a biplane,, or both wings of a inonoplane or .biplane .break 
at the same time, it is not accompanied by torsional- mo- 
tions about the longitudinal • or normal axis. But if, 'as 
in this particular case, half a. wing of a monoplane breaks 
almost completely away, it is followed by violent rotating 
motions about both the longitudinal and the normal air- 
plane axis,' as a result of which the tail might give way. 
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D.V.L.t scratoja- ^lQ3ig.a:tlon -record^eT;. and .-tJie^' D. V..L.. .opto- 
graph found an opportune- occasion t.o;;;provB .their useful- 

ne ss,, .■ : . - - : 

Lacking an airplane of • the Junkers type F 1.3 ge, the 
test flights were made with another type quite similar to 
it: the D 570 with Junkers P 13 fe, on which slight buf- 
feting vibrations had previously "been- observed,* and which 
already .had undergone alterations on the trailing edge of 
the wing, near the root and aj-so pn -the stabilizer and ele- 
vator s« The different .modifications . pan be seen in Figure 
3. On the D 570, the edge is slightly raised, in the 
I 13 ge.y mc>r;e, SO:, in prder ,,tp of flow 

in proximi-ty,: of :;the; fuse^^^ of, attack. The 

principial ;di:f f e.^^en'Qes ..ca^^^^ seen in: iFigure 3. 

The t ail • arfesi;',^ span., ; and po si tion of strut si, ^a.re about the 
same, wi.th.-exqeptio.n of. the portion of the balanced ele- 
vator , /Which }is::greater on, the P .13; ge* As to internal 
coivstruot.ion of . the- stabilizer.,, the. tubular strut s of the 
D .570. .are 30. per cent •.thicker in- th^^^ The tail 

of . the F 13 g.e- (I)- 5.7Q): .has: the prof ile, ef. an. inverted^ wing, 
which is bound up with a timely breakaway of the flow at 
positive angles of attack, whereas the profile of the 
P 13 ge is symmetricail'i:.: The>^ are of 

minor significance. 

In the wind-tunnel tests with I 13 models, the differ- 
ences of the two I 13 types (fe and ge) as well as. the 
slipstream effect on buffeting,. ;were investigated. 

Observation flights with another F 13 fe, with two 
airplanes, 1733b and F13ke, .anA with an F13gG were made- in 
a.-ddi'.ti.on for comparison* 

. . . The D 570 was further used in buffeting tests, made 
to define the natural vibration frequency. The. dynamic 
and static tests, were made on;. a new F 13 ge and on an. old*- 
er F 13 ge ^.D.Y.L.. tail. 



♦Report .of H,. G. Kussner at the Iiiter?iational Congress for 
He chani c V, 'S t ockhb I'm , . ;l 
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. Static aaid Dynamic Tests on Junkers. P 13 " ' . 

Horizontal Tail Units ' 

a) El asticity tests . ^ The test program included load 
tests with deflection and elongation readings on F 13 ge 
and F i3 fe (D- 570) stabilizer and elevator. The ensu- 
ing influence lines, together with* the deflections and 
strut stresses-measured in free flight, yield an approx- 
imate account .of the imposed tail loads, (See section 4, 
page 10. ) 

The airplanes were so arranged that the landing-gear 
wheels were rigidly held while the tail skid was support- 
ed on a universal "ball bearing, thus affording free move- 
ment in any directioni The 100 kg (220 lb.) loading was 
first applied asymmetrical and then symiaetrical at both 
ends of the left and right tip of the stabilizer spars. 
The result is shown in Figure 4, where the influence lines 
for deflection of the tips are plotted against the indi- 
vidual load traveling over the stabilizer span for both 
F 13 ge and F 13 fe (B 570), E is the influence line 
for the deflection on the loaded side,' U that for the 
deflection on the unloaded side, and 3' that of the sym- 
metrical individual loads for the final deflections, 

b) S tatic breaking te s ts.- D.V.Lo tail F 13 fe (like 
D 570). For this test we used the rear fuselage with com- 
plete horizontal, tail group and- bracing system of an F "13 
fe hydroplane. The loads applied as symmetrical separate 
loads- on the stabilizer were progressively increased to 
rupture. Thj9 break occurred at the left, in the tension- 
stressed lower spar tube directly outside of the strut 
fitting (99 cm (39 in») from the center section). The 
same gauge compression flange was slightly buckled on top • 
because of the strain induced by the failure of the ten- 
sion flange. The bending moment causing breakage was M-g == 
356 m-kg (2575 ft. -lb.). The failure of the right side 
also occurred in the tension flange at bending moment 

= 388, m-kg (2800 ft, -lb,). The break of the tension 
flanges: goes through three rlvfet holes each and is free 
from any indication of fa,tigue fracture induced by stresses 
in flight. The breaking stress corresponding- to - 388 

kg (855 lb,) is 35 kg/mm^ (49780 lb. /sq, in, ) . The deflec- 
tion of the left tip amounts to about 12,2 cm (4,8 in.) at 
breaking stress, that of the right tip only 11,6 cm (4,5 
in.) for the same load and 13,1 cm (5«2 in,) at faalure. 
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These te:S-t.s- were continued* on a trand- iie% half of an 
I 1*3 ge tail. It still supported a load P = 250 kg (550 
Ibt), "but signs of yielding; showed -that failure was im- 
minent. A further 10 kg (22 Ibo) resiilted in failure "by 
collapse of the top flange 29 cm (11.4 in.) ahead of the 
strut- at tachment, '(See f ig, 10-, ) ; The deflection at rup- 
ture was .9il cm on the stahiliz.er • tip and l2o4 (4.8S in",) 
on the el'evator tip. The hreakiaig- stress a^mounted- to 35 " 
kg/mm2 (49780 Ih . /sq . in. ) , For comparison with suhsequent- 
ly. descrihed dynamic "breaking tests the bending moraent at 
failure is to be equated with the dynamic section at ruD- 
ture. (See fig. 10.) Jor this section = 310 m-kg 

(2240 ft. -lb.). 

. The most unfavorable section of the stabilizer spar 
lies outside of the point of application of the struts.' 
The static bending moment at failure was experimentally • 
defined at 310 m-kg (2240 ft. -lb.) (112 cm (44 in.) froid 
center of tail) for* F 13 ge and 388'"m--kg (2800 ft. -lb.) . 
(100. cm. (39.4 in.) from center of tail)- for F 13 fe. The 
difference in the figures is due tb the spars of the F 13 
fe D-.7.L. tail being of slightly heavier gauge than the 
other (1 .mm (.04 in.) instead .of 0.8 mm (.03 in.) wall 
thickness), because the attained brec?king stresses of both 
tails are .identical with a = 35 kg/mms (49780 Ib./sq.in.). 

c) Dynam ic breaking tes ts o f F 1 3 ^e tail. if ' The s e 
tests were carried out -^in order to determine how the tail 
would react when vibrations conformably to the natural 
frequency of the tail were excited arid permitted to build 
up. The test specimen was a brand new coiiaplGte horizontal 
tail unit . of the- F 13 ge type, mounted- oil an iron frame 
which resembled the rear end of the fuselage. (See figs. 
5 and 6.) The lead plates fastened on the substitute 
framework, together with the iron frame, corresponded to 
the airplane mass reduced to the center of the tail. The 
unbalance was installed below the iron frame. (See fig. 6.) 

The total set-up was suspended by soft shock-a/osorber 
cord from tihe hangar crane. - The rudder lever was joined 
to 3. flat spring screwed to the- mock-up fuselage. The 
flexibility of the spring was the same as the experimen- 
tally defined elastic yield of the complete control-. '■ ■ 
(See^ fig. 5.) 

.'Within 7- to 17:; Hertz (s"-^) the. •stabiliz.eir .ma;nif e steU 
a pure vibration- in Vending, . whereas the s.ame bending vi- 
bration in the. .elevator ;Was: .superposed .by a .torsional vd-' 
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bratian of identical frequency a"bout the elevator -axis. 
The resonance curves in Figure 7 indicate a distinct 
maximum at n = 11.8 s""! . The torsional vibration of Ifhe 
elevatoi: shows a second maximum at n = 7.9 s**^ . 

.In the dynamic breaking tests it was attempted to 
speed up the amplitxides to failure as quickly as possible. 
This was accomplished at about 300 vibrations, or about 
25 s:econds. Upon reaching the double amplitude, measured 
at the tip of the stabilizer at a^ax 12.5 cm (4.92 in.) 
and n = 11.8 s"*^, the break occurred 22 cm (8.7 in.) 
away from the strut fitting (112 cm (44 in.) from center 
of tai]) on the bottom flange of the right spar.' The break 
at this point goes through the first rivets of the tube 
-joint. At failure the amplitude died out and the frequen- 
cy fell off. The breaking process can be followed in Fig- 
ure 8 on the strut stresses by the sudden drop in stress.. 
The discontinuance of the excitation is characterized by 
the jump after another . 50 vibrations. The whole process 
was recorded by slow-motion cinematographic camera. These 
records together with optograph records were the basis up- 
on which the amplitude-elastic curve at failure was com- 
puted and plotted in Figure 9. The dynamic load of the 
oscillating tail is found from the inertia forces of the 
tail masses. 

The maximum force of inertia P (kg) of a partial 
mass m (kg cm"*^ ) which a harmonic vibration with 
double amplitude a (cm) and velocity \? (s'*^) develops 
is, in the inversion point 

P = ^ m f v2 (kg) 

The bending moment at failure was defined by means 
of the amplitude-elastic curve at failure (fig. 9) from 
the mass forces at = 255 m-kg (1840 ft. -lb.). The 

stresses were resolved by means of the moment of inertia, 
due account being taken of all stabilizer and elevator 
longerons. In the mean breaking stress O^^ = 30 kg/mms 
(42670 Ib./sq.in.) the local stress concentrations at 
the edges of the rivet holes were ignored. The breaking 
stress after about 300 vibrations accordingly amounts 
still to 85 per cent of the ultimate stress developed by 
static breaking tests. 

The vibration experimeilts were continued with the 
broken tail. The natural frequency had dropped to n = 
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7.6 s"^.. • Upon reaclai.n.g -a ;:doul^ ' ^max ^ 18 cm" 

(7,09 in.) at the spajT t ip ^.;:tiie:v- "break enlarged immediate- 
ly "by destruction of the rear spar, so that the vibration 
"became completely unsymmetrlcal ' v (See -f ig, 9 . ) . After the 

•tTeak the hot^tom f lange -'Of .-the n^ain/.s.par can only trans-.... 
mit compr e ssion.- ■ The metal -ski^n CQveri.ngion .the "bottom 

,side still act* s ;^as tension flange;. -Hence ..the \ipw.ai^d.. de-i. • 
f 1 e ct i on ' of ■ ■ t he s t ah i 1 Iz er i s ^:gr e at er . thiin: .•• th§ downward ./ 
There - also- i s: a niarked - asymmelbry in the left : and right 
amplitudeV' -After the test .:the;: corrugated metal sk.in s.hpwed 
cracks 'over'- the spar*. hr.eak. onvtpp j and.;^.>ot torn, ". beginnplng. at 
the rivets.- '.. :::^s:- . . ' 

• ' d) Static "breaking, te st s-wi th ■ dynami cally hrokefi. ta il . ^ 
The 'tall which had he-en. .JDrofceri;: in the . dynamic ^ 
tests- was then sub-je cted' tb;. S'.t atic test s,. eyeni tho.ugja th^e 
tail was only held tog.ether . by. the metal, .^kin^ . Indivi 
•'ual loadings (symmetrical; at' right and ief t) were .so a.p-r. , 
plied that the' damaged spar tube.; came, on .the; t ension. sj'c^^^^ 
The stabilizer tips - still supported, a - load. P 
(276 lb.) each;' a sub sequent^- l<5ad increase.:- produced sud- 
denly a yield at' the .left side:. .-.After unl.oading. a pure ., 
torque was unsymmetrically applied on the stabilize.r tips. 
It still supported a torque of = 160 m-kg (115^ ft,"- 

Ib.) . The torsions riscord^ed. at the .broken. .right ..side at 
cpg = S'.S^ and at the practi cal ly^.unda-mag.ad left sidei .at 

(PB=^ 2.4°, are comparatively -.slightly, different. Follow- 
ing this the right side was completel-y doistro'yed. .by:.a,pply- 
ing a load in bending at the nose. The developed load on 
the stabilizer tip was 150 kg (331 lb.); increased anoth- 
er 25 k;^ (55 lb.) , it induced pronounced yielding on the 
broken right side and the right booja. of the stabilizer 
bent up 90^. 

It is remarkable how the stabiiiger with -a broken 
spar on the tension sid^ was still able to carry. SO per. 
cent of the static breaking load of the undama,ged tail. 
Another point is that torsion stiffness and. torsion 
strength are -little af f ected = by . spar, failure . 

e) Cbnclu-si o ns • The -cbncltLS ions from-: these . test s • 
are tha^t, "if failure-' is-"brought' about. rby high.;.dynamic . 
loads (resonance), the natural period,;©!* the:.:;t§iil is.:.at^ 
once loT^rered to the point where resonance no longer oc- 
curs. As the ''strength" of the tail u'jadex static load is 
still 50 p'-er . cent of "the original .i.; i t . i.s; conpluded that 
complete static breakage can only take place under espe- 
cially unfavorable circumstances. 
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f) Fatigue te.'stsU i^ Upon completion of- the static break- 
ing tests the left half of the F 13 ge horizontal tail 
group was completely repaired again and tested in fatigue. 
The amplitude was so chosen that in the endangered see-* 
tion the bending moment computed from amplitude curve, 
mass distribution and frequency, amounted to 11^ = ±74 
m-kg (535 ft, -lb.), .or 24 per cent of the- static bending 
moment at failure. After approximately 700,000 vibrations 
the metal . covering began to crack, indicating that break** 
age was imminent. Examination revealed this bottom flange 
broken again. on the first rivets of the joint/- 

3. Vibration Tests with the F 13 fe, D 570 Airpldne 

in the Hangar 



The dynamic properties of the tail and rear fuselage. 
of the D 570 airplane, type F 13 fe, equipped with D.V.L. • 
stabilizer and elevator were determined by vibration tests. 
The airplane was suspended horizontally from the hangar 
crane by rubber cords, and a double unbalance excited the 
body-tail vibrations. Bracing was resorted to in a sub- 
sequent test series in order to reduce the stabilizer vi- 
brations. In view of the available possibilities this 
bracing reached from the tip of the tail fin over the end 
rib of the stabilizer to the strut attachment point on the 
fuselage. At the end rib the bracing passed over a pulley 
in ball bearings, which could be retarded or locked by a 
brake • - . , 

The resonance curves of the right and left side of 
the unbraced stabilizer by asymmetrical excitation are 
shown in Figure. 11a for horizontal amplitudes, and in Fig- 
ure lib for vertical amplitudes. They reveal, within the 
ambit of frequency investigated, three distinct and two 
minor resonance points, of the following type, as observed 
by double mirrors: 

n = 7.45 s~^: torsional vibration of rear fuselage and 
of horizontal tail group around longitu- 
dinal axis of fuselage. 

n = 9,75 s""^: torsional vibration as above and vibra- 
tion of stabilizer and. elevator around 
normal axi s. 
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n = 1'2,1 s"^: vertical symmetr ical -vil^ra.tion. .in bend- 
- ing of- staMlizer and- eiev-ator, ' * • 

'n =^ 13.4' s"^: coupling "of oending in horizontal .tail 

' unit and- "bending in fuselage,' • - ^ ' • 

"n ^ 15.3 s"^: vertical vilDrati-on in bending •of body- end, 

' Figure 11a reveal s -the marked motion about the nor- ' 
di'al • axi s at ■■ n = 9.75' -s^-^'".' • At' ^'thi s •• frequency • the- vibr a'-- 
tions are e specially severe, W of the cont emporary- ' 

second vertical vibration in resonance (3 nodes) of the 
wing, at. which the wing root vibrates in torsion about 
the.' longitudinal 'axi s#' The coupling distance s between • ■ 
the resonances reveal fairly high amplitudes. This fact 
proves that the horizontal tail surfaces can impress ar- 
bitrary excitation frequencies within a wide range. The 
amplitudes of the stabilizer spar recorded at the fre- 
quencies of torsional and bending vlbrati ons are ^graphed 
in Figures 12a to 12d as elastic curves. They manifest 
that the contribution of the stabilizer in bending to the 
total amplitude is large even by t ofsional vlbfatioh. 

In Figure 11c the resonance curves* -off - the 'br^ 
are given for comparison with Fi gur e 'lib « • The -f i'r st. two 
resonances (torsional vibrations) are barely shifted by 
the' bracing, their amplitudes were lowielred, -slightly in 
the first resona/nce, strongly in the * secondr -FigtLre s 12a- 
and 12b show foremost the diminution of purely s1>abilizer" 
deflections in contrast to the deflections due to body 
torsion. In these graphs the stabilizer dsflections are 
given for identical body distortions with braced and un- 
braced tail. 

Bracing changes the ' symmetrical bending vibration in 
the stabilizer completely, according to Figures 11c and • 
12c, whereas the bending vibration of the body in Figure 
12d is scarcely affected by it. The ex'peri?nent s with 
loose, damping bracing revealed vibration ' cnaracteri sties 
which lie between those of the braced and the unbraced 
tail # 

4. Flight Tests with- 1)'''570 Airplane,' Type F 13 fe 

a> Pr-obTem ,- The- purpose -'of these special flight 
tests was to determine the behavior of the air flow be- 
tween wing and tail, the vibrations of the horizontal tail 
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unit as well as the- stresses .in the strut,s of- the latter, 

"b) Preparation (see fig* ,15) - First series^ - Rec~, 
ords with slAW-^iao tion •cinematograph camera, .mo\inted prac- 
tically sho-ckrpr,o.of on- -f elt .and; sponge Vuhter in the pas-, 
senger cabin -.and -dri v-en from; 'an electric motor and f,lexi- 
Die shaf t , .and taking apprpxirnately . 8.0 pictures per sec- 
ond. The angle of focus was adjusted so as to bring the 
air space between wing trailing edge and horizontal tail 
unit as well- as t.he .::1 eft /side tip of.. the stabilizer into 
one • picture. The flight speed' was '.. determined ' by Bruhns 
. type P-itot 'tube mount ed on -a .1 eS m mast. The indicator 
was located in the left, fcabin window and reflected by a 
prism into the focus, of the camera. To render visible 
the '.most important -pro ce s se s -of the flow we used red- 
white braided woolen thraatis 2-..m (6«56 ft,) long, as well 
as smoke* and aluminum foil, "Scattered light shavings, 
powder , . .paper ; ;or -iii.et al-,,f oil promises , the best reproduc- 
tion of the flow :pat tern': and/ .under certain circum^ta.nce s , 

■ of the local velocity also,. :The aluminum foil used' re-*- 
fleeted the sunlight. and could therefore be readily pho- 
tographed. The foil was blown through a pipe to the da- ■ 
sired point. The air enters the pipe through a funnel 
mounted on -the fuselage.' ' During stalling compressed air 
was-used# 

■ Second series.^- O'pt.-o.graph records '" (refer ence 2) The 
optograph was so. installed- in the oa^bin that with, three 
objectives the tjest stations (glow; lamps), at b6th tips of 
the - stabilizer, at the left elevator and on the'' rear fu- 
selage^ were photographed. The flying speed was also re- 
corded in the optograph. Strut pyramids, were att.a.ched on 
both sides of the fuselage, their tips fitted with light, 
.bal-a-nc^^ vanes lying in front of the stabiliser in the 
r.air-. ^.:^tream .be^twe.en wing, ^aiid '.tail ".fin.' The - vibrations of 

■ a glow ..lamp ..f as.t.ened to the ;'ya;ne were recorded by opto- 
graph, (Figs. 13 and 17,,)' 

Simultaneously wit,h the.sie.we determined the stresses 
in the .strutting wi th D.Y.Li scratch "el6nga,tlon record- 
*ers.>^ ■ -.(See^.f ig. 17.) . / ; " . ' •• 

. *Electricaily ignited smoke .'car ti'idges ( 4-^volt) are also 
♦suitable- ^prv thi s ■ special purpo s'e , ;." .The se are manuf a.ctur ed 
::. -by; the Pyr otechnischen : Werkeh . at ' M^lc ' * 

**Described by'w, Pab st in' 2 .Z .H • V i"929-, 'Ho • . 46 ; and D.V.L* 
Yearbook, 1930, p* 31« '■■ • ■ 
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c) Test -procedure and resu lts^** The object of the 

first, special^ flight, test was, the. exploration; of gust, ef- 
lects on the air flow in front of the tail and on the 
tail..itself«... In the other- flight s of both series w-e con- 
si stent iy at temp.t.ed'io " develop sev.ere, vibrati o.ns' by a3:S.um- 
ing .unu.sual .unf ayorable flight attitudes. .Pr.-Om. speed at 
stalling up.ward t.O: 21.0. km/h (1?0#5 ini-.yhr . we f lew.: with 
and, wi.tlaout gas., • up, and sideslipped .to . 

right an.d ief t . • . . - " ^ ■ . 

F.ir st test se ries'- main "fl ight 1 in strong, wind.- and 
modera.t e ^us;ts..- flight, at high speed (between .1 8.0. an cL' " 
160 km/h Til 2 and .9.9 mi./hr .) with throttle.- wide, open.' and 
thro.ttle, , c.lo sed, and f ilmed^ . at v.arioxis times. 1 1. w.?-s , "f .oiind 
that the - .pre sent mp der at. e.^ bumps had no y.isible ef f ect *on . 
the ' direction of the- air flow. ' .The. tail vi.brations, i.f ; ; 
at all. no.ticeable, wer-e very minute, ,. , • • ■•■ 

. girs!t' t.es t series" main, flight 2.-. Thi.s f 1 i gh.t . was 
primarily, devoted, to investig^^ting . the. effect of the slip- 
stream on" tail buffeting. . Pict.ures were., taken /.o;^ the fol- 
lowing ■ flight attitude.s. (speed! in . km/h).: • 



Plight' attitude 



.Stall . ■ 

Ste^p ' .dive.*" .. 

Rapid' pull-up at 

Slow pull-up at . 

Eight.!..bank* 

Side slip., right* 

Landing . 



to 



. Throttle 
crui sing 




■s,et ting . 

to- idling: 



..-95 

120 

160 
130' 
125 
• 90 . 



*The'. right . bank was preferred b.ecaus.e . then the turbulence 
emanating from-.: the-:, fuselage, was . on the: left . side wher.e the 
measurements were made. 

..••Subsequent .fehowing of the., films and evaluation . re- 
vealed that, the interf erences, .of the flow and thereby the 
tail vibrations in equal flight attitudes by idling- are-, 
essentially stronger than„ by . slightly ..throttled engine,;. .. 
according t-o-, which the- slipstream diminishes, the- >f low, in- 
terfere nc.ei. c.p-ngi.d:er.ably,.. . Complete stall- was .possible: on-.- 
ly by idling, otp;.erwi se . the si .ip stream pushed. -the stalling 
.angle upw^ar.d., ■.; .•■ " : - 
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In level flight at more . than 100 km/h' (62 mi./hr.) 
the' threads lie-qiiiet and straight in the air stream. A 
slight sideslip or oank merely alters the y'aw of the 
thireads. Smoke and* aluminum foil left a smooth trace par- 
allel to the threads. ■ ;( See -f-ig, 14, top.-T Any flow inter- 
ference set up ty a sudden decrease • in a:rigle of attack, 
stalling, sideslip, or hank at • large angle of yaw made 
the threads STray and undulate and eventually turn into 
violent whipping motion when the particular attitude was 
intensified. The ends then pointed toward the leading 
edge of the tail and somewhat ahove it. The smoke and the 
foil indicated a corresponding "behavior. (See fig. 14, 
bo t to m, ) 

* ■ ■ 

One Sideslip to the right was unexpectedly followed 
by abnormally severe buffeting, which was audible in the 
cabin and very much felt on the control stick* The con- 
dition lasted only a short time, because the pilot imme- 
diately endeavored to regain normal attitude. The camera 
was quickly started and was able to record part of it. 
Subsequently it was repeatedly* attempted to reproduce the 
same conditions again without success. From this fact it 
can -be 'concluded that a very special set of cbiidltiohs 
(of speed, slipstream, bumpiness, state of acc^eleration, 
yaw) must superimpose one another in a certain way before 
buffeting can be produced. 

' Second test series.- After the main flight 2 of the 
first series had' shown conclusively that by slightly throt- 
tled engine the slipstream diminishes the flow interfere- 
ences which cause tail vibratioii, the subsequent flights 
of this second series were made with idling engine. The 
optograph furnished the running record during the flights, 
while the scratch instrument s" .were operated only, for about 
3 seconds each at the beginning of every hew flight atti-' 
tude« The behavior of the horizontal tail unit was 
checked in all flights of the second'"serie s by' simultane- 
OU.S observation of both stabilizer tips through the 'double 
mirror. ' * t 

Secon d - test series' - main flights 5-5, The - airplaine 
was stalled repeat edly , rapidly pulled up at different- 
speeds and sideslipped' right' and- left, at -different speeds 
(with quick turns).- (I?he angle's "of /yaw during sideslipping 
were greater than • in the preceding* flights. 
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. •. cL ) Test data of . principal f li;°:ht s.>»; In t.dsrpr station 
of slow-motion camera' film' -{r,- test iseiries:)',' The method 
is illustrated- in .Firgure: 15... The rotationsi .of the wool 
•threads serving, as me:a3iir*e. of ..th'e. flow, interf Gren.ce were 
.accurately read oji . the. .s.c5ale=s : a'l. an,d to within 1^. 

The obtained angles Ware, ref.er red to inclination- a = 15^ 
which prevails in level- flight.*.;:. . 

Figure 16 is such a worked-up film strip, which had/ 
been taken during the violent buffeting in a side slip to 
the right. (See section c, main flight 2.) Maximum and: 
.minimum doflecti on-s are. approxim?„tely 10 cm (3,94 in.):.'' -': 
apart ("double amplitude"). In this attitude the move-- 
ments of the wool threads also are strongest. In the 
first half second there is a. distinct dependence of" the 
tail amplitudes on the eddy mbtibtiv The time... interval • 
between observing an eddy at the t^st point and its arriv- 
al at the stabilizer within approximately 0,05 second is 
negligible* .The probable coordination of the maximum de^- 
flections of the threads and the stabilizer has been in- 
dicated by connecting lines. The vibration frequency can- 
not be evaluated with any greater accuracy because of the 
uncertainty of the time scale (starting of raotor driving 
the camera) ... 

In stalled flight with open and ©losed throttle the'' 
recorded vibrations did not exceed 3^5 cm (1.38 in.) dou- 
ble amplitudeo The amplitudes vary rapidly and rrregu** 
larly, which is suggestive of irregular forces of exci- 
tation. This is also seen on the motions of the wool 
threads, which are neither indicative of constant inten- • 
sity nor of definite eddy, frequency. ■ 

Interpretation of optotgiraph record (second test se- 
ries).- Figures 18, 19, and 20 are small sections of op- 
tograms at reduced scale.. In these charts the records of 
right and left stabilizer and air flow vibrations, are 
synchronized and provided with a time scale. Th\is the 
comparison of superposed points of the right and left sta- 
bilizer vibration record reveals whether it is a symmet- 
rical vibration in bending or a vibration in torsion. 
Most vibrations are un symmetrical or. tor^sional vibrations 
about the longitudinal axis of the fuselage; still, vibra- 
tions* in bending are not. rare. (Fig.. 18., before the 10th 
second, where the air flow on the .right' and left sides has 
become separated.) Only minor differences prevail between 
the vibration of the left stabilizer and the test point on 
the elevator (mostly phase displacements) • No violent 
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tuff elding "pn the con iio'ted durijag the re- 

cprdei" f'li;^H^ attitudes. ' ' ■ • •■ 

VihW' do'utle' ampli tudes/were' " d;6.f in dlffereVce of 

tn0 maxltiu^^^ minimum values.; of . ad'jaicen^ Titrations; 65 

mm'' (2',56' iri# )''was , the m.axifflum double ar^^ recorded ;* 

in the second test series in one ' si'de- slip prior to land-. 

ing (unintentional mpvement.) • , . ^. , 

AVi/ppit:6gr^^^ Yi'pration were 

■ e:camihed .' f or equally long vi-^ 

tratibiis (3' at ' le'a&t')' , each of' t^^^^ groups 

the'' m^an ' f 'r"0'(juency ■■ Was'"' c hy' means";; of th'e' time' scale, 

and' theii the' maximum; ddU^ was measuredt ./;;;(See 

f 1^'; /21 v)/ SayV'f or *^ sii 6n of several ' scat te'r'ed val- 

ues; 'env el ppihg/ curves' Were drawn on the thr'ee' ;di sti'nctly . 
'e:j:pfe sS^ed resonaiiice ; gr'oup.s whigh c^o^ to' the course 

of 6n^ 'r;e sonancfe . line. ' Thie •thred' respnaiices , already if a- 
miliar"' fir om^^^ vihratiot' tepts in; th^" hangar (fig. 11) i 
are r epre's^iitative ' of;i ; ^ ' . ; ]' ; 

■ l) Tb'rfeibnai vihrdtioir^alpto longitudinal axid ' 

(at approximately *7"^1 s"^"^ compared to 7.45 
in. hangar test), , 

''2) Torsional vibration atout an inclined axis (at ap- 
* ■;: ^ ^ proximately . 9^ as'; against 9.75 s-'^). • 

'''!3)'-- Bending vibration of Horizontal t.ail groups (at. 
/[y.'^r: v.A.-. .approximately- 11.8 ixistefid of :12.1 .■s"-^)-* , 

■A control .check revealed that, the first, two resonance 
groups /k!r;e wholly, unsymmetri car, ^ last groujp predomi-" 

hantiy symmetrical .' '" : ; '*" [\ 

• In spite of the different respective flight speeds 
the. comiolete te st value s were plotted together in Figure 
2l;"'/"Upon separatiion of ; the test ■ value s from the flying 
speeds it was f ound' t'ha amplituii^s increased slowly, 

with speed; " but' did not " reach.. their maximum, at any given 



■ ' ' iiien It was' at temp Ved . t p '"define" • fi^ 
the eldi e s"' coordinated'' to ' the •'recorded ' tail 'and ampii tude 
frequencies. As Figure s.. 18-20 ..r?vpal , 1:he vibrations of 
•the'*air'"'f Ibw' '^re;^^^ mpr9''*i'i'r*e"gular ■ tlian; -tho"se • of the . 
tail; '.;C6nseqjLi^ntly, th^ count ; of the* eddies" remains un-^ ^ 
certain. ■ - ' ' 
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Against the obtained frequencies of the air flow we 
then plotted, the jaajcimum amplitudes- of the . tail -excited 
at this frea^ency. '~.'(rig» 12, left, for the first; right, 
f or. the third groupV)- The clusters, wer e separa.t ed, by a- 
straight . line through'- the utmost, p.oints.. These straights 
"reveal' the rise'in amplitude wi.th the approach of the. in-- 
terference freqti.ency to the' tail frequency. 

Excitation f requ^Jicies. of., less, than 6 s."".^ WBre not 
measured; the mapcimum' frequencies ranged as high- as: 20 . s*"^ , 

."ifhile- exploring the, flow vibrations.., it was. found that, the 
proximity of., the slip str earn., e^cer ted a. .significant effect, 

'.In leyel flight, the . frequency of the wind vanes pn bpth 
sidesi.was twice the propeller r,p,m^^ and during pull-up 

.or sideslip, the ..deflections of the prevalent^ regular vi- 
brations increiised at . fir st by constant period, but later 
increased the period also by further amplification. As a 
result thereof the separation of the eddies appears, so 
long as it is inferior, to be guided by the two vortex 
tirains of the slipstream, and this effect is still percep- 
tible 6n!the secondary vibrations even by great vortex in- 
tensity* According to this the propeller r.p^m, is an 
important requisite of the tests. 

The shape of the enveloping .curTea^-in;:^ 21 and 

22 beyond 6 cm double amplitude is not known. Linearly 
extended, the enveloping curves for the first, resona^nce 
in Figures 21 and 22 afforded a maximum :double amplitude 
a^^r,^ = 9 cm (3.54 in,) approximately, and a mean resonance 

^max ^•^ (2#56 in.). These figures are only rough 

estimates. The value a-jj^ax reached once and readily 

exceeded in flight 2 of the first test series, and was 
accompanied by unusual, violent buffeting, which could be 
felt In the cabin, and on the control stick. 

The scratch-elongation measurements on the stabilizer 
struts were accurately coordinated to the op tographically 
recorded amplitudes of the stabilizer. (See fig. 2.0.) 
The detailed evaluation of the strut force measurements by 
means of "influence factors*^ from the static and dynamic 
tests in the hangar, which aim to approximately define 
the load distribution incurred during the vibrations., .is. 
too voluminous to. be .include-d in the present •r.eja.ort*, 

e) Supplementar y flights..- For comparison, we further 
made a number of observation flights with an I 13 fe, with 
two W 33 b and F 13 ke each and with an F 13 ge. These 
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'airplanes were tested in stalled . f light , "banking and side 
slip at speeds iDelow cruisiiig ^with diff erent r-..p«m. The 
ohsorvations can "oo summed up as follows :■ 

The F 13 f e ' ty-peyi)uffets*. more' violently and more read- 
ily than the other- types When a critica,l attitude is 
reached. The effect of the Bjngle of attack, angle of yaw 
and propeller r .p;m.; ' is •fundamentally the same for all 
tj/pes. The W 33 and' the two F 13'ke- differ very materi- 
ally from one another. In spite of complete extern^al 
agreement "between the two P 13 ke, it was impossihle to 
stall one like the other or to produce more severe buf-- 
feting. Even in other flight attitudes the horisontal 
tail unit of this airplane remained unusually calm. The 
vibrations w.ere in all cases predominantly asymmetrical 
Xob'servei by double mirror) • 

The amplitudes, were, simply estimated, 3y sideslip 
at 130 km/h (80.8 mi./hr.), the following maximum values 
were recorded: 



with D.T^L.. tail 



• F 13 .f e D 570 . S-7 cm- • ; 

(2.3S--3.7S-:in.O". 

F 13 f G D 212 •■ 5-6 cm 

(1 •97-2. 3 6 in-.)^ 

P 13 .ge D 1563 3^.4 cm 

(1.18-1.57 inl) 

? 13 ke D 1850 . 2-3 cm 

' ' • ( .79-1.18 in.) 

F 13 ke- D-1843 3-4 cm 

(1.. 18-1.57 in.:).. 

W 33b L D 1724 5-6 cm 

(1.97^2. 36 in.) 

When" evaluating these figures the uncertainty of the 
observation as well as the diversity of flight attitudes 
should be borne in mind. 

f) Calculation o f stress i n; horizontal tai l jscrovip i n 
buf fe ting/- Most 'iiAfavorabie -str^^ F 18 fe (D 570) . 

In the following- the . maximum* stresses* of the stabilizer 
spar of the F 13- fe anticipated in- level flight attitude 
are computed for the peak amplitude deduced from the reso-* 



18 



IT,A.C,A, Te.chnical Memorandum l?o.-669 



n.anc0 curves of the -flight ; tests, -(See section d, page 14.) 
Tiie. static initial .loading ;coordinat to the longitudinal 
moment equilibrium ^fa^^ idisr^^ 

Harmonic vihrati.on.s, occurred rarely and the maximum 
amplitudes themselreis. :^ay he forced deflections. ?or 
that reason it is e-ssential to examine the two limits be- 
tween which the true, stresses should lie, when calculat- 
ing the stresses pertaining to. the maximum amplitudes: 

a)^ Hemoval from mid-position is caused by the accel- 
eration for.cespf the yibrating tail masses cor- 
respbh.dirig to. a! free oscillation, 

p)' Removal from mi:dr-position i.s\a -by air,' Id ads 

conformably to a single, static, load .appl,lCjp!tion, 

To a) Dynamic lo?idin.g>. . . ... . . - " v"*'; 

The calculati oii " of "the dynamic loads P ^ - m |^ 

is carried through with the elastic curves of the dynamic 
hangar tests (fig« 12) with* the: following ' numeri cal values 
and the known mass diefcrlbixtion: — i ' 

Frequency 
7.5 s-i 



11.85 s-"^ 

In the endangered section *(0. 99 m from center) the 
following moments, as compared", with the static moment at 
failure Mg^ = 388 m-kg (2800 ft, -lb.) are obtained: 

Torsional vibration- Mi = -55 m-kg = 0.14 Mgt 

Bending vibration . . .Mg := . 105;, m-kg- .0.27 Mg^ 

To p) Static loading. . . 

Pr.om thepossible combinat,i.on.s .of t or si o.nal . -vibrat i on 
the investigation was limit.e^d to the, nao^t 3,bnormal, case 
b*f a", oiie-sided 1 o adi ng.'" which i- mbr eover,''i s' the. most like^' 
ly. For the bending, vibra'tlon., symm;^..tr;Lcal stress -appli- 
cation is assumed., / ^ . r ■ ■ 



Maximund amplitude a^i^ax ' 

Torsional vibration - ■= 45 mm' 

2 

• '> V ■ • 

gill 

Bending vibration - = 32.5 mm 
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- ' * Ubt knowing -the* ■a;*ctu"gcl- load, .di str.ibutiqn, the :txrq 
liniiting cases'^^ .is'olated load P at the end section 

and of-- a Unif drmly dis't^ri''outeU- sur.f ace load .. p are- exam- 
ine'd,'^ *The calctilatloh Is- carried; out. with the influence 
lines'i \ (Fig. 4») . TTith" a^^ax ^'^ influence 
fext'ors "y ' in nh/kg and •mm/kg/m^^ i t aff brdsi:. 

' at 90 

•: v.- .:p :=..^a5-^=: ^ -=-68,7 kg 

V , Fp^r one-sided . [ .. , ^, ^ - d y n ^ 

■ ■ ■:t;: jl'0.adi ng : • |> 

:(torsio:n) . ;:i ;. • _ a^ax ^ ■ ^ V / 2 









90 




2 




0.656 








90 


2 72:0 •• 


.2. 


•x 


,0.735 


otlt 

max _ 






65 




2 




0,500 


^maz _ 






65 


2 • y„ . • 

22 


2. 


X 


0.454 



Por two-sided ] 
loading 

(symmetrical r ^ -max _ - 7i r 

, bending). J.- P. - -S^ X 0.454 

- With an area F ■= -StSl .m2 "(23.8 .sq.ft.) of the o.ver- 
h5>,ng and an 0.82 m (2.7 ft.) lever arm for p and a 1.70 
m (5^58 1 1 . ) : iever . arm for P. the bending moments in the 
enda.ngered section are: _ ' . 

lov torsion from p^ 

:]?or iDendi.Tig- . . ■" p^. " Hg.' = 129 " | 



(^^.= 65. mm) " . M^" = 110 " / 0.31 Mgt 



The asstiinptl'on* of 'static, or dynamic loading^ for sym- 
metrical deflection- thus signifies no esse.ntial . differ- 
ences in stresSj whereas the stresses in a free, torsional 
vibration are only half as high as in an identical, ampli-^ 
tude forced by a one-sided static loading. 

Summing up., it can be stated' that' under violent buf- 
feting developed under the very abnormal -conditions up to 
crui sing 'speed, stresses as nigh as 30 per dent of the 
static breaking strength are not improbable on the F 13 fe 
D 570 stabilizer. 
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For rough comparison of the F 13 fe D 570 with Dj^V.L, 
tedl and the F 13 ge, the very unfavorable assumption for 
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rE-'MlS .ge-. is^made^r tlaa.t-.. .0"..99, m. away'.froin the median sebtion 
a- ii?.. 'mfeg •bending. rao.m.erit can' develop. .. Close' examination 
slrovrs .tliat; the; respective 'tail ampli tudeg of the F 13- 
are hut 80 x>&v.. cent .of ..those on the F 1& f e; with D.,V.L. 
tail. On account of th^ lighter gaUg^ spar th.e stresses 
are nevertheless 10 per cent higher than on the P 13 fe 
with'D^V.Lt tail. D.. 570, 

» '•' • ' . " ■* 
In view of the more favorahle shape of the hew type 
F 1.3, ge (thicker chord) wit.h raised trailing , edge , longer 
hody and thus* improved dire.ctional stability and shifting 
of elevator toward the Doundary of the eddy zone, the as- 
sumption that the extraneous forces attain the same mag- 
nitude •as with. the. F 13 f.ej, .is to he called very unfavor- 
able . . • ^ • ■ /.^ • .;. 

-5. Wind-Tunnel Tests 



The English wind-tunnel tests* were made in a compar- 
atively small tunnelr (about 1.2 m (4 ft«.) di.ameter). Be- 
cause of the size of 'the model (scale 1:8,88) its wings 
had to be clipped. It was not anticipated that this would 
have any effect on the appeara.nce of tail buffeting.,- al- 
though .1 1 would have some effect oh the angles of attack 
-at which buffeting begins because . the prevention, of the 
lateral circitlation around the wing tips implies, so to say, 
reestabli shment of the plane problem and therewith change 
in direction of the downwash on the tail,^ Also, in the 
Bhglislx t.ests the propeller is absent and the conjecture 
was near' at hand that the effect of the slipstream on the 
appearance of buffeting is considerable. Besides, there 
i s' hardly • any doubt that at. the moment of the accident 
the propeller speed was that for cruising, if not for full 
•throttle.. The Engl i sh . model , which corresponded to the 
F 13- -f e instead of the F 13 -ge, did not have the raised 
trailing edge like- the crashed one had (compare figs, 3a 
and 3c) t which was to effect a diminution of tail buffet- 
ing, :•*;•:.. ... 



*See reference 1, appendix 21 , page 79 Flutter and Buffet- 
ing of a iiodel Tail' of Junkers- lionoplane G—AAZK. 
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■"b) T est -prbcedure These tests were carried out in 
the wind, tupne'l of .the Zeppelin . air ship company, Fried- 
rich shg-f en .'. TIie..2..9;m .(9|,5'ft,) diameter of the experi- 
ment .s^pibion made " it .ppssil? mount the 1:10 scale mod- 
el s readily ... The., if ollowing three models were tested: 

Model A: Junkers I 13 fe with D.V.L. tail (like the 

. . one. used, in the flight tests)..-. 

• ■ ......... 

Model. B: .Junkers '.F 13 ge.with original wing (like 
th^ one used, in the English wind-tunnel tests), 

"liodel . C: Junkers. F..13 ge with .modified wing (as .in 
. .. .. the crashed airplane) . . ' 

" ■ . As in., the, Engli sh experiments, the complete tail was 
!elasticaily similar to the actual . tail unit. Bending of 
"overhanging part of^ statilizer and torsion of rear fuse- 
lage were considered as essential degrees of freedom for 
tail tuff eting. r The experimentally defined deflections 
ayid, vi "brat ion. frequencies on the actual airplane (see 
sections 2 and 3) and on'the model yielded as model scale 
for the speed .IslO. As a result the experiments had to 
."be m.ade at very low speeds which, in view of the Reynolds 
Num'ber, is very regrettable, but the . same difficulty ex- 
isted in the English experiments. 

The mcdels. were suspended as usual "by wires. (See 
• figs, 24 and 25.) The .entire suspension was accomplished 
on th.e "outer parts of , the ..wings , thus precluding any dan- 
- ger of eddies, . set up by the . suspension, affecting the 
tail, buff eting. The rear fuselage with the tail was 
filmed by slow-motion cinemat ographic " earner a (approximate- 
ly 80 expos^ires per .second). .A very small lamp, in the fu- 
selage . insure.d an accurate time record; the lamp flashed 
regularly every l/4 second. Each vibration attitude was 
filmed 3- seconds, in exceptional cases . longer . The in- 
terpretation comprised ordinarily the middle 240 pictures 
of each exposure. 

Each model was tested at different angles of attack, 
. .different . speeds., and with and without slipstream. A few 
experiments were m.ado under altered elastic conditions. 

c) Interpret at ion and results'. - The p i c t ur e s : r e ve al e d 
. theVbendi-ng. vibration in" th.e. overhang of , the left hori- 
zontal, ta.il uni.t very accur at ely , ' the ' .t o.r siohal vibration 
of the rear fuselage' less accurately.' Upon examination it 
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was found that the amplitudes on the right .side assume . ap- 
iPro-^cimatdly. tlie sarais' magnitude- as thos.e on the lef t , al^ 
though the motions are ixi nowise always symmetrical. At 
many points the' pictures are suggestive of beats;, this . 
may, "be dije .to the mutual interference of the two halves 
df the tail, whose na^tural frequencies, perhaps exhibit 
minor discrepancies froiii one another* 

?rpm the 130 ihterproted film records contained in 
tlie complete report," several are shown -.in^-Figure 23. They 
exhibit the type of buffeting vibrations very similar to 
those in thb flight * test • (Compar e . f ig. 16,) ; One notes 
how the amplitudes increase with the angle ■ of . at tack and 
how. the amplitudes fall off because of the slipstream, 
ihe,;'' latter acts favprably in all cases, and palpably so 
i^/the/am^^ angle of at tack " within -.which .:it..c,an pre- 

y.ent" the separation of flow in. the wing center, " .(Compare 
f igS;. .' 24..!and 25,) This result is in accord with t.he*. flight 
tests* ;(Compare section 4,) 

' ' " ' ".'^^ . ' 

lii some tests the buff eting; suddenly ;changed its am- 
plitude at irregular intervals, with^out leaving a trace 
as. to. the cause of this behavior* Bait inasmuch, as this 
occurred in very few instances and then only at certain 
angles of a.ttack, it is not to be assumed , that it can be 
explained as wind-tunnel interference. 

The discrepancies in the results are not very pro-, 
nouxiced ,f or the different models. In raodel A (l l3 *f e). 
buffeting began at slightly smaller angles than . in .mpij-el s 
.B. aid. C (F 13 ge) ; this is probably where- the effect :pf 
the shorter body of the F 13 fe comes into play. Still it 
is surprising that the difference is not large except in 
the measurements with slipstream* Raising the middle of 
the trailing edge of the wing is of no advantage. in the 
model test in contrast to the flight tests, as seen when 
comparing the results on models B and 0. Here also is a 
wide divergence in the measurements with and without slip- 
stream* 

A particularly clear view of the test data for models 
A, B, and C is afforded in figure 26, which depicts, the 
difference Ay of the maximum positive and maximum nega- 
tive (inflection formed from each vibration curve , These 
■values 'eir'e "enter ed^ -i f^ield whose one coordinate denotes 
the wind velocity and the other the angle of attack. On 
the plotted curves Ay =■ constant ' (and specifically = 5, 
9, 13 and 17 mm (.2, ,35, *51 and ,67 in,). It' is not al- 
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way s 'easy 'to '•d'rair "tHe- 'c^ uTi'ot'j e;ctio'nd;bly througli the 

plot tV d f 1 gTlr e . '•■ ''fhi app li e s ^ ' i n par 1 1 cul ar , t o * t h e 
points where doutl'-e Heasureiient results are 

availalDle* Nevertheless, it is hardly likely that the 
curves could te plot ted ahy o ther way / For that reason, 
it is all the more "Vemarkali'le that the result's of the 
Engli sh * t e st s do no t agree at- 'all with the German test 
data, 'Ihe English fesul-ts, conformably to Figure -24 of 
their i^'eporty have teVn a-ppended in Figure 26. (model B 
without slipstream). In the ranrge, where consi stent vio- 
lent "buffeting occurs according to the English tests, 
our records revealed altogether very minor amplitudes', or 
were not photographed at all becaus^e- of the smallness of 
the amplitudes,. _ 

It is impossible to say summarily to what the differ- 
ence, be twe.e^n .the Engli sh and" German result s can be as-- 
cribed. It n\ay be .that ;the truncated wing tips in *the 
English tests aire res for part 'of it. She Eng- 

lish curves' are i)rbtted for 0 to 5 angle of yaw, the Ger- 
man curves, without 'exception, for 0^ yaw. At any rate, 
e.3:treme. caution must be exercised when applying these da- 
ta to the ; accident , . It requires more experiments to clear 
up these • differences. The erffect of the Reynolds Number 
should also be.' investigated. Besides, it does not appear 
admissible to us to apply the amplitudes of tail buffet-- 
ing rbserved by .model test summarily to the full-size 
airplane as the English report does. Aside from the Rey- 
nolds ETumber, it. should be borne in mind that the ampli- 
tudes. can be materially affected by the elastic damping, 
which was left oil* of. . considerati on when the models were 
m ad e • ■ 

The wind-tunnel data without slipstream (see fig. 26) 
intimate the presence of resonance, and this impression is 
greatly strengthened when -evaluating ' the tests with changed 
elastic conditions of the tail.* Unfortunately,- it was im- 
possible to .carry out more than a few isolated experiments 
in this directiona At angle of abtack approaching breaka^ 
way and a cdrtaiTi speed,, the frequency of the eddies in 
the wake of the wing probably coin-cides with the natural 
frequency of the stabilizer. A cursory estimation of the 
eddy frequency (conformably to the theory of the Karman 
vortex- street' (reference 3) and according to more recent 
experiments (reference 4) on vortices behind wings) con- 
firm/s the feasibility of this case ; " Only one footnote in 
the Engli sh report points out that the amplitudes of tail 
buffeting could be amplified 'by resonance. But in the 



te'st^', "d'st ensilDly ' lio' tkse of resohahce oceurr edV Her e ' 
alsd' further experimeniJation is necessary in order ' to ' ' 
• gaifi ' a'-clear inaiglit- into tlies^" matters; . ' * / 

- ■ •lb apply the Sermari model tests to the accident , '-'the 
curves f 6r*'model*'"C with slipstream (fig. 26) must -"be • sub- 
stituted for the English curves (model B* wi thbut^lip-"" 
stfesim) i It "become s apparent from the first glance -ffiat 
the pf ohahility of the English explanation of the* accident 
has become very'much less.' ..... - *. ' 



■ IV. kECAPITUlATIOU OP GERMAN' DATA ^ / " 
Static and Dynamic Tests on P 13 Tail 

• *-v ' ' I.' * . - " " ' 'J *' " " . ' • . 

"1. The niost unfavora'ble section of the -F. 13 stabil- 
izer spars lies 6ut'side* of tlie point ' 6f ''Application of the 
strtit, -The eiJ^pSrimental 'breating- stress §f • thfe duralumin 
spars is 35 kg/mm's (49780 Ibo'/sci . iii V) w " ' " • • 

■ ■ .2. The dynamic de stf*uctron of the F 13* ge horizontal 
tall unit occurred at n = 11.8 s'"^- (Herts:) natural fre- 
quency and 12f,5 cm- (4.92 in^) double amplitude at the sta- 
bilizer tip after 300 vibrations. The bending moment caus- 
ing failure is 85 per cent .of the static bendirig moment ' 
producing failure. 

3. The dynamic destruction test- merely led to tension 
failtire in the main spar s •''The natural f r equency - of ' the 
stabilizer falls off coiisiderably after dynamic failure to 
the point where resonance no longer occurs. 

4. Because of the mete.l skin the stabilizer is very 
rugged, the static breaking strength of the stabilizer 
with broken spar is still 60 per cent of the original, 

5. In the fatigue test on an F 13 ge tail, an alter- 
nating bending moment of ±?4 •m--kg (535 ft.-lb'O, or 24 per 
cent of the static breaking moment produced breakage only 
after 700, 000 stress reversals.. 

Vibration ^Tests' with D _570 (F 13 fe) Airplane in Hangar 

6. The rear fuselage with tail showed- a number of 
resonances rarigin'g;f rom ''6 to;16 Hertz. ^ 'The most signifi- 
cant of these •^ibriitibns were': • • * • 
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Torsional vibration a"bout the longitudinal axis 
at 7,45 Hertz. 

• - " • ^ 
Tor si pn.ai Titration /about an oblique axis at 9.75 
Hertz, 

Symmetrical, vertical vibration in bending at 
12.1 Hertz. 



7. Tlie bracing between fin tip and stabilizer tip 
scarcely shifted the first two' resonances; at the first 
resonance the amplitudes fell off slightly, at the second, 
considerably; the third resonance was practically elimi- 
nated by the bracing. 

8. ' Experiments with loose, damping bracing revealed 
vibration properties midway between those of the -free and 
the rigidly braced tail. 

Flight Tests with D 570 (F 13 fe) Airplane 

9. At large angles of attack and of side slip the 
tail is struck by vortices shed by the- center section of 
the wing. 

10. The vortices develop at large angles of attack on 
both sides of the fuselage (but not symmetrical) and by 
yawing (in sideslip and banking) "on the side of the. fuse- 
lage opposite to the angle of yaW* 

11. The vortices grow with angle of attack and yaw, be- 
cause of the consistent spreading of the interference ex- 
isting on the top side of the wing close to the body wall, 

12. The vortex intensity could not be determined nu- 
merically, but the angular changes of the wool threads 
and wind vanes caused by an eddy attained occrasionally the 
order of magnitude -of 90 . . ••• 

13. The eddy frequency was very irregular; those ob- 
served range between 6 and 20 Hertz. No systematic rela- 
tion with the flying speed could be ascertained. 

14* The slipstream lowers the flow interference mate-' 
rially. The two vortex layers of the slipstream guide 
the eddy separation at the inception of the disturbance 
and induce at first an eddy frequency equivalent to twice 
the propeller speed. 



V 
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.■ > 15»' OTh'e multipl^"•''^^e^?en'd•e^^^ of the' vortex formation on 
the angle of attaclr of the airplane against the air strea.m, 
on the flight speed, engine r.p.m., and on the structure 
of. thev atinb'spheriBV "r systematic test flights very 

difficult and ^contains the possi'oility of accidental, par- 
ticularly unfavorable combinations, which dp not yield 
very readily to' es:perimental treatment. Only in one case 
(main flight 2) were such extremely iinf avorahle conditions 
obtainable. 

iS.-.'Tail'* buffeting occurs in all flight attitudes in 
,whi-ch''VoT.t-ice-s fere shed by the wing roots, 

• ■ -.l?', SPhe-'- vibratxo'hs ' are irregular in .amplitude* 'and fre- 
quency. Speeding up to high amplitudes dti'ring one series 
of vibrations is rare, although high amplitudes are fre*^ 
quently to b6''fbund^ks individual, yibrat or of "almost 

constant magnitude in a short sbries. 

18 « The frequencies lie within the range of the natural 
vibrations of the first three dynamic tests in the hangar. 
The frequency of the first torsional vibration is more fre-" 
quoiitly encountered. Comparison of the vibrations ' of .bo th 
stabilizer halves reveals dissymmetry at the frequency of 
the torsional vibrations/ and symmetry at the frequency of 
bending vibrations. 

19« The recorded amplitudes, plo tted 'against the corre- 
sponding frequencies , siiow the three resonances, known from 
the hangar tests, very clearly. 

20 9 The amplitudes slowly increase with the flight 
Sjpeed; they become maximum at no given speed. 

21 • The eddy frequency is ordinarily greater than the 
frequency of the tail vibration excited thereby. The pos- 
sibility of exciting high amplitudes increases with in- 
creasing correspondence of frequencies* 

\22m .Extrapolation from the test data revealed for cruis- 
ing speed with throttled engine the double amplitudes 
^max 9 cm (3,54 in.) approximately (torsional vibra- 
tion) and a^ax ^•^ (2#56 in,) (symmetrical vibration 
in bending), anticipated in the most unfavorable case with 
the 'ff 13 fe B 570 airplane. ,TheBe are rough estimates. 
In one. case we recorded a torsional vibration of 10 cm am- 
pld'tude. Thi s -{wfes a limiting case, .whi ch' -'subsequent at- 
tempts failed to repeat, 
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23. According to c^lcula-ti.on the; -stress of the stabil- 
izer spar was about 30 per cent of the static breaking 
strength, at' the. dou:bl".e. amplitudes . of 9 and 6*5 cm for the 

F 13 te. : /V . • 

Comparative Flights with ? 13 ge, F 13 ke 
•©.nd W 33. Airplane 

24. V .The F 13 f e type used in these tests evinced more 
violent bu^ffeting and greater susceptibility -than the oth- 
er F 13 types, once a critical attitude was reached, 

25. A rough comparative calculation revealed stresses 
of around 34 per cent of the static breaking strength in 
the F 13 ge tail in the most unfavorable case by eqiiiva- 
len.t' extraneous fo.lrce.S:. .- The amplitudes ar e /.a.ppro-zimately 
20 per cent slower than for the F- 13 fe -.(D 5-70) tail. • 

Wind- Tunnel Experiments. 

26. At certain angles of attack the models of the 
F 13 fe and .F 13 ge developed tail, buff eting, and 

27., at somewhat smaller angles on the F 13 fe model 
than on the F 13 ge (effject of shorter body of the F 13 f e) , 
pa,r ticularly during the measurements with slipstream. 

28. Raising the middle of the trailing edge of the 
wing has .no material, effect on the occurrence of tail buf- 
feting. 

29. The slipstream acts favorably in all cases. With 
propeller running (especially .at low speeds), tail buffet- 
ing is shifted toward higher angles of attack, although 
this effect varies in the different models and defies ex- 
planation. On the other hand, it should be borne in mind 
that these results as well as those enumerated under par- 
a-graphs . 26-28 , a.re presumably materially affected by the 
Reynolds Number . and should not, for that reason, be. ap**. 
plied to the actual airplane without serious considera-* . 
tions. 

30. Resonance between the eddy frequency in the ^eddies 
in rear of the wing and the natural frequency of the sta- 
bilizer amplifies tail buffeting considerably ♦ 

31. Our data here are at variance with, the . Bngli sh . 
measurements, and no .sati sf actory ©siplanation of the .dis- 
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crepancies can be given at. tlxi:S, .time.. . . .... • • , ... , 

32. jor tlai's; realsori :and.' in ' view of the., low rSey.no.lds • 
Number of the model test it^ appears advisable to appjy 
the model test data for the present only qualitatively. 

33. Allowing for' the fa.ct that the propeller was prob- 
ably running at the time of the accident , it throws consid/f 
erable doubt. on the probability of the English theory of 
tail buff eting as the primary . cause of the crash, 

^ . V. CONCLUSION 

In connection with the English inquiry into the air 
crash of t&e Jiwkers F 13 at Meopham (reference l) , Ger- 
many also- 'made an exhaustive study of this accident. It 
comprised static and dynamic strength tests, flight tests 
and wind-tunnel experiments, as elucidated in chapter IV, 

Based upon this investigation, the English theory 
loses much o:n it's probability (stabilizer failure result- 
ing from buff eting. . as primary .cause) . In particular, it- 
may be^''^t¥ted in* this respect that: 
t » "■ ■ " . , 

The- tail stress, given at the end of chapter III, 4, 
which cannot cause st ati c failure , must already be- looked 
upon as being extremely rare for normal operation. While 
this does not mean that a stress of the order of the stat- 
ic breaking load is entirely ruled out as an explanation, 
its occurrence is possible only by a catastrophal combi-* 
nation of abnormal conditions at high flight speed. 

A pull-out at high speed would have to be accompanied 
by a vertical gust, or a side slip while out of sight of 
the ground, would have to concur with a lateral gust of 
such intensity that the angle of stall or yaw is exceeded, 
at which violent tail buffeting is produced. The appear- 
ance of one of these cases or their, superposition by high 
cruising speed need not immediately spell danger; very 
likely it must be concomitant, with an expressed resonance 
of tail vibrations and .eddy frequency in order to speed 
the amplitudes to breakage. In order to exceed the crit- 
ical angle of attack so that the flow separates at the 
wing root, while cruising at 180 km/h (112 mi. /nr.), it 
would necessitate .a vertical gust w (v7hose effect is . 
lowered by a factor r\ ..through the time rate of change 
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of flow) of r| w ^ 10 m/s (32»8 f-t./sec.)-* - The requisite 
effective gust intensity increases about linearly with the • 
speed, but decreases conformably to the setting of the 
r-irpl.ane during pull-\ip. The effective period of the gust 
would . have to be . suf f i ciently long in order to lead to a*' 
comgLete deyelop^ment of vortex separation,. 

So, while it is still possible that the Ileopham air 
crash was due to such a catastrophal case, in view of the 
fact that the accident occurred in very bumpy air when 
flying through a cloud and the airplane was not equipped 
with blind flying instruments, its occurrence is neverthe- 
less so unlikely that in the, present state of the technique 
it cannot, and need not, be designed for. Moreover, sev- 
eral hundred airplanes of the F 13 type have been in .op- 
eration for years without any similar mishap. 

The other theory advanced, that the wing broke first 
as the result of a violent gust or a. too rapid pull-up out 
of an unintentional glide and that elevator and stabilizer 
broke afterward, is just as feasible, particularly since 
English experiences were confined to biplanes only. Reach- 
ing the stalling angle at around 215 km/h (134 mi./hr,)» 
the wing is stressed to breaking limit. The limit up to 
which the present state of the technique must provide for 
the occurrence of such wing breakages, was discussed dur- 
ing the last conference of the German Aircraft Committee, 



Translation by J, Vanier, 
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Fig. 1 Principal points of 'breakage of Junkers 
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Fig. 3 Wing trailing edge near the fuselage. 
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Figs. 5, 6,10 




Fig. 5 Dynamic breaking test of 

? 13ge horizontal tail unit, 
elastically suspended with double 
unbalance . 
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Fig. 10 spar "breakage. 

Top, dynamic 
and succeding static 
breaking test of F 13ge 
tail. Bottom, purely 
static failure* 
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Figs. 8,9 
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Figs. 11,12 
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Fif3. 11 Buffeting test with complete FlPfe airplane in 
hangar; resonance curves for horiscntal tail 
unit recorder at stabilizer ti-os. 
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Fig. 12 Buffeting test with complete Fljre airplane in 
hangar; resonance elastic curves. 
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Figs. 13, 15 
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Fig. 13 Set-up for flight tests. 
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Fig. 15 liJia record of flow and stalDilizer vibration (see fig. 14) 
Sketch for interpreting films. 




Fig. 14 
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Left, Wool threads and smoke at 140 km/h speed. 
Bottom, Stall. Left, Stalled glide, speed 90 km/h 
Right , Stalled side slip, speed 120 km/h . 

Fig. 24 

Smoke 
picture 
of flow 
past 
Model A 
at 12^ 
angle of 
attack. 
The pro- 
peller 

is not running, the' hlurred edge of 
the tail shows that the latter is huf feting. 





Fig. 17 Streamer with lamp at 

stabilizer struts, 
recorded "by scratch elongation 
recorder and optograph. 



Fig. 25 

Model A 
under ident- 
ical con- 
ditions as 
in Pig. 24, 
with pro- 
peller running(n = 1450 r.p.m.) Now the edge is 
quieji. Note also the difference in flow. The 
angle of downwash is greater with propeller 
running than with propeller locked. 
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Fig. 16 Yitration of stabilizer tip and of the v/ool threads in. side slip; speed 
125 Inn/h . Evaluation of fiLni according to figure 15. 
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]rig.21 Tail amplitudes plotted 
a-^ainst frequency. 



a, Torsional vihration ahout longitudinal 
axis (ainhit of first tail resonance), 
g "b, Syrrmetrical "bonding of stahilizer(ain'bit 
to 5 ^of tfaird tail resona^r ^e). 
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Pig. 22 Tail ariiplitudes plotted 

againct excitation frequency 

(flow) . 
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Fig. 18 Optogram of stabilizer and flow vibration. Taken 
during levelling off prior to landing. (Film section) 
Left , flow separates at right side. 
Middle, " 
Right , " 



Side 
slip 
to 

left, 

140 

km/h 

(87 

mi./hr.) 



has separated at right side only. 
" " " and left side. 

Flow, right 

Anipli tude , right 
Amplitude, left 





Sec. 



se/r. 



Flow, right 
Ampli tude , right 

Amplitude, left 

4r> 



Fig, 19 Optogram of stabilizer vibration and flow. 
Exposure during side slip to left. 



Right side ^s^i 



Left side 




Flow 

Amplitude 
strut stre,.e. 

Flow 

Ainplitude 
i i , j ^ r Strut stresses 

O p.* 0,S ^ ^'^'l.l tS ^It. 2,0 
_1 I „, I ..il I „ 1 I 1 1 




Pig. 20 Synchronization of vibration of stabilizer, 

air flow and strut stresses from optogram 
and scratch record. 
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?ig. 23 



VilDration c\xrves of edge of 
model C tail in wind tiinnel 



at different angles of attack, wind 
velocities 4.1 m/ s (n = .r,p.m. of model 
propeller) . The dots Tselow the curves 
denote the flashes of the small leulb 
in 1/4 second intervals. 
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° Model A English A 6.5. ^ 

,i Without 
slipstream 
^13 
^17 



Co-asistcntly severe 



OccaBionally " 




J English testf-i. 

Model C 

wi thout 
slipstream 



3.5 2 



.p.m 



4 AM 0 del \ A , wi th 

llAct slipstream 
c r \ n = /1450 

2) ^.4 

Ay ^ D \ ^ q 
L5 





Model B \ n \ 

With .^Y^^^^ 

slipstream '-^ Vg X 
n= 1450 r.p.m. \ ^^3^ 



90 12^ 15^ 18^ 



Model C,with 
slipstresma 
-10 n = 
1450 
r.p.m. 



12° I50 18^ 



3^ 6^ 90 12° I50 18° 
Angle of attack, a 

Pig. 26 The Ay (in mm) is plotted at every point in lihe v- a-field, which corresponds 

to one measurement. The curves are for Ay = const. (and= 5,9,13 and :17 mm). The 
slipstream effect as well as the discrepancy "between the English and Grerman measurement 
"becomes readily apparent. The shape of the curves for the measurements without slipstream 
are suggestive of falling off of resonance, * 0-5^ yaw, English tests, added from Z.F.M. 
Fe"b. 15, 1932 ,p 199 . * 
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